Verbal reports of loss of control and surrender to powerful visual changes, experienced during inversion of the visual world, seemed to be suggestive of changes in field dependence. Field dependence (rod-and-frame test vertical) was tested under conditions of inversion and noninversion. Significantly greater field dependence was observed for subjects exposed to complete inversion rotation of the rod-and-frame configuration in the experimental period than for subjects exposed to rotation without inversion, partial rod-and-frame inversion rotation, or inversion rotation without a frame. The change in field dependence was not significantly affected by 10 minutes of active experience with inversion, and no significant aftereffects were observed. The results are interpreted in terms of the effect of conflict on perceptual-cognitive decentering. Implications for perceptual adaptation and personality theory are discussed.
One of the immediate experimental effects of inverting the visual field is a sense of loss of control over what is being seen. The experienced synchrony between self-movement and the perceived constancy of the visual world is altered, and the subject often has strong emotional reactions to such changes (Blatt, Quinlan, & D'Afflitti, 1972; Cegalis, 1971) . Kohler (1964) aptly described this dramatic experience:
the subject with a pair of reversing spectacles becomes frightened by the activities of his own hands and feet and looks on them as "natural phenomena," being helplessly delivered into their power . . . [p. 138] . Neilson (1963) reported similar reactions when his subjects viewed the unpredictable movement of a gloved phantom hand they thought to be their own. Neilson's subjects variously attributed the experience to internal (fatigue or inattention) or external causes (unidentified forces). Kohler and Neilson's observations appear to refer, in part, to changes in orientation toward the visual world and, in part, to conflict.
Changes in orientation toward an altered visual world have been reported in a variety of contexts. Wertheimer (1912) noted that subjects viewing the tilted mirror image of a room came to identify their own orientation with that of the room. Further examination and refinement of Wertheimer's observations and the development of the rod-and-frame test (Witkin, Dyk, Faterson, Goodenough, & Karp, 1962; Witkin, Lewis, Hertzman, Machover, Meissner, & Wapner, 19S4) suggested that subjects may vary in the extent to which their judgments are influenced by an embedding context. These individual differences, termed field dependence or field independence, may also reflect stable cognitive styles (Witkin et al., 1962) . Independent evidence, however, has suggested that the relative orientation implied in field dependence-independence may change as a function of the conditions to which a subject is exposed prior to and during the rod-andframe test. Increased field dependence may occur when a subject is given extended temporal exposure to the rod-and-frame test configuration (Cohen & Tepas, 1958) or a set for uncertainty (Gross, 1959) . Decreased field dependence may result from body rotation (Wolf, 1965) , brief sensory deprivation (Jacobson, 1966) , or training which em-373 phasizes attention to the body exterior (Klepper, 1969) .
The change of orientation occurring during exposure to visual inversion may involve increased field dependence to the extent that a subject is unable to decenter 8 inversioninduced changes in the visual field. That is, the subject may become centered upon perceived changes including alterated spatial orientation, visual field motion during head movements, and alterations of oculomotor coordination. The subject may not be able to decenter these changes by shifting attention to nonvisual sources of information and by considering simultaneously the changed as opposed to the unchanged nature of information from visual and nonvisual sources. Kottenhoff (19S7) reported that some of his subjects experienced a kind of directional indeterminacy after only five minutes of exposure to inversion; subjects were unaware of the actual orientation of perceived objects. These reports of directional indeterminacy were likely examples of the effects of a conflict between perceived and remembered frames of reference. Rock (1966) and Wallach (1968) discussed such a conflict in terms of a discrepancy between contemporaneous information about spatial direction and information about direction contributed by memory.
Inversion of the visual field produces conflict of visual, proprioceptive, and kinesthetic information, as well as phenomenal conflict 3 Centering, according to Piaget (1969) , involves focussing upon an aspect of the perceptual field and consequent distortion. Decentering involves shifting focus from one part of the perceptual field to another and successive distortions. Simultaneous decentering within the context of cognitive structures allows for inclusion of a number of aspects of a situation at a given moment and partial correction of distortion. Extended to abnormal behavior, decentering implies the formal notion that a reciprocal, mutually corrective influence is exerted by 1 system of functioning upon another, if there is contact between systems ... it further implies that if these systems function in isolation from each other, then the distortion inherent in each system will be expressed in terms of an exaggerated and fluctuating form of behavior [Feffer, 1967, p. 16] .
In the present context the systems are visual and nonvisual, between perceived and remembered orientations. The importance of vision in crossmodality conflict situations has been demonstrated by Rock and Victor (1964) and Rock and Harris (1967) . These studies indicated that when visual information conflicts with haptic information, resolution of that conflict tends towards reliance upon visual information. In fact, in visual-kinesthetic conflict induced by wedge prisms, an object may feel the way it looks (a phenomenon termed "visual capture"; Hay, Pick, & Ideka, 1965 ), Rock's findings suggest that greater reliance upon visual information may occur in the inverted vision situation. Subjects experiencing uncertainty about orientation might be more likely to rely upon available frames of reference in the visual field; that is, the result of a perceptual-cognitive conflict might be increased field dependence.
The present study sought to examine the effect of inversion-induced conflict on field dependence as indexed by rod-and-frame test judgments of vertical. The contribution of the conflict variable was partially examined by manipulating available information prior to and during rotation of the visual world.
METHOD Subjects
Forty male and female undergraduate students, ages 18-22, were selected on the basis of reported 20/20 vision from a group of volunteers at Ripon College. Subjects received course credit for their participation and were uninformed about the purpose of the experiment. Subjects were randomly assigned, 10 per group, to an experimental and three control conditions.
Apparatus
Field dependence was measured by means of a rod-and-frame test similar to that described by Witkin et al. (1954) . The rod and frame, manufactured by Marrietta Apparatus Corporation, was illuminated by a iS-watt ultraviolet light situated in a black blind, 1.64 meters from the rod and frame, such that only the rod and frame was visible to the subject. The rod and frame was situated in a totally dark room 4.5 meters from the subject's eyes. The subject controlled the movement of the rod by means of a three-way switch (clockwise, counterclockwise, stop) located near his right hand and mounted on a ringstand. The frame was hand tilted by the experimenter. A movable black screen, 1.3 meters high and .68 meter wide* shielded the subject from the rod and frame during nonjudgment intervals.
Inversion of the visual field was produced by a binocular eyepiece containing two right-angle prisms mounted in welder's goggles. This apparatus has been more fully described in Cegalis (1971) . Essentially, the goggles provided for inversion of the vertical with no reversion of the horizontal dimensions. Control eyepieces were constructed without prisms, such that the prism-retaining tubes provided a field of view identical in extent to the inverting goggles.
Design and Procedure
The subject was seated behind the movable screen, and tape-recorded instructions were played. The subject was informed that he would view a rod and a frame (excepting the control group of three subjects) and that his task was to set the rod "vertical to the floor." The subject was instructed in the use of the switch controlling movement of the rod. Prior to each judgment of the vertical, the experimenter hand tilted the rod and frame to the required position, turned the room lights off, and removed the screen from the subject's view; the screen was replaced and the room lights were turned on immediately after each judgment. The subject made a total of five judgments of vertical, each judgment preceded by an equal five-minute interval with some form of activity: preexperimental, the subject's first rod-and-frame judgment with normal vision; Ti, after sitting and during the subject's first exposure to the inverting or control eyepiece; Tz, after walking with the experimenter through a series of corridors; T 3 , after a second walk; postexperimental, after removal of the eyepiece and sitting. Eyepieces were worn continuously from Ti to T 3 .
The experimental condition was a test of the effect of 180° rotation of the rod-and-frame configuration, by inversion. During all testing periods the frame was objectively oriented 20° right and the rod was oriented at 45° right. Experimental subjects wore an inversion eyepiece during Ti-T 3 ; hence the rod-and-frame orientation during that period was phenomenally reversed (frame 20° left, rod 45°l eft). Control Condition 1 served as an index of the effect of phenomenal dissimilarity of the frame during Ti-Ta. The objective rod-and-frame configuration was identical to that of the experimental group during preexperimental and postexperimental intervals (frame 20° left, rod 45° left). During Ti-Ta, however, the experimenter objectively tilted the frame 20° left and the rod 45° right. Because Control Condition 1 subjects also wore an inversion eyepiece during Ti-T s , the frame was phenomenally oriented 20° right during that period. Only the rod was phenomenally reversed (45° left) during Ti-T 3 . Thus, for Control Condition 1 subjects, the frame was always phenomenally oriented to the right. Control Condition 2 served as a control for the effect of the frame per se. The frame was blacked out during all five testing periods, and the rod was always objectively set at 45° right. Because Control Condition 2 subjects wore an inversion eyepiece during Ti-Ts, the rod was phenomenally reversed during that period. Control Condition 3 served as a control for the effect of inversion-induced instability. These subjects viewed the same phenomenal configuration of the rod and frame as experimental condition subjects during all five testing periods. Control Condition 3 subjects wore a noninverting eyepiece during Ti-T,. To achieve a phenomenal orientation comparable to the experimental condition group during Ti-Ts, the experimenter objectively rotated the frame 20° left and the rod 45° left.
RESULTS
Field dependence data for all groups are presented in Figure 1 as degrees of tilt from vertical at five time-activity intervals. A repeated-measures analysis of variance indicated that there were significant differences among groups (F = 11.760, /><.01), and field dependence measures differed as a function of time-activity intervals (^ = 31.950, p < .01). The Groups X Time-Activity Intervals interaction was significant (F -S.87S, p<.0l). Field dependence thus increased during the experimental period Tj-Ts, although the magnitude of change differed for experimental and control groups.
The Newman-Keuls procedure was utilized to clarify the Interaction effect. There were no significant differences among preexperimental and postexperimental measures for any of the groups (p > .05), indicating that the preexperimental level of field dependence was relatively uniform for all groups and that there were no significant aftereffects as a function of any of the treatment combinations. Field dependence measures during the experimental period were significantly greater than Pre and Post measures for the experimental condition and Control Condition 1 groups (p < .05), indicating that phenomenal rotation of the rod-and-frame configuration contributed to increased field dependence. That there were no significant differences among the Ti-T 3 measures for either experimental condition or Control Condition 1 (p > .05) suggests, too, that the field dependence change in the experimental period was not improved as a function of a 10-minute experience with inversion. The experimental effects of prism inversion without a frame •a (63) Noninversion, frame reversed FIGURE 1. Degrees of tilt from vertical for an experimental and three control groups during preexperimental (Pre), experimental (Ti-T 8 ), and postexperimental (Post) time-activity intervals: the experimental condition (E) with inversion rotation of the rod and frame from Ti-Ta; Control Condition 1 (Ci) with inversion rotation of rod only from Ti to T 3 ; Control 2 (Ca) with inversion and no frame; Control 3 (C 3 ) with noninverted rotation of rod and from from Ti to Ts. (The data represent degrees of tilt of the rod relative to the phenomenal orientation of the frame. Judgments in which orientation of the rod most closely paralleled the apparent orientation of the frame are considered more field dependent.) (Control Condition 2) and the experimental effects of objective rotation without prisminduced instability were not significant; there were no significant differences among any of the five time-activity intervals for either group (p> .OS).
DISCUSSION
The results of the present study indicate that increased field dependence occurs as a function of inversion of the visual field. The increase was observed shortly after exposure to inversion and was relatively unaffected after 10 minutes of active experience with inverted vision. No appreciable aftereffects were observed. Phenomenal dissimilarity of the tilted frame in the inversion condition contributed to significantly greater error in judging the vertical than did phenomenal similarity, suggesting that the magnitude of field dependence may vary as a function of the degree of conflict between perceived and remembered spatial orientations. Mere rotations of the rod-and-frame test configuration, without inversion, did not contribute to significantly different judgments of vertical, suggesting that the effect of the conflict between perceived and remembered orientation depended upon continuous input of discrepant information.
Adaptation to inversion has been little studied of late, perhaps as a function of the general failure to resolve the central question, "Does perceptual adaptation to inversion occur at all? The qualitative data from Snyder and Pronko (1952) , Kohler (1964) , and Kottenhoff (19S7a, 1957b Kottenhoff (19S7a, , 1961 suggested that at very least there were moments in which subjects did not experience conflicted directionality. It may well be that such experiences were situationally and temporally constrained (Rock, 1966; Taylor, 1962) . The fact that they occurred at all, however, requires a more exacting explanation. An alternative to the study of the end states of adaptation is a more intensive analysis of the process of adaptation, particularly the initial reactions to inversion. Kottenhoff (1967b) rightly pointed to the necessity of examining subjective states, as well as relatively stable aspects of personality, as important variables in the process of adaptation. His reports of directional indeterminacy and a hypothesis that such early experiences may be predictive of successful adaptation to inversion were further suggestive of the need to examine initial reactions to inversion.
Field dependence-independence is relevant to both personality and perceptual function, and changes in this dimension might be descriptive of an early state in the adaptation process. The increase in field dependence observed in the present study corresponds to earlier qualitative reports of surrender and uncertainty about spatial direction. In the inversion condition, subjects seem to rely more on objective frames of reference in the visual world than upon more subjective frames of reference. In general, the experienced loss of control and reliance on external frames of reference appear to be a function of the subject's inability to maintain a distance between himself and the objects of his experience. That is, the subject tends to center perceptual changes and appears to be unable to decenter perceptual experiences, such that the changes can be compensated by cognitive operations. The unrestrained nature of this stream of conscious experience tends to become frightening to the subject.
The change of orientation toward the visual world indicated by increased field dependence appears to be one of the effects 4 of a pervasive conflict induced by inversion. The phenomenal effects of the conflict were striking. One subject exclaimed, "I can't remember where vertical is!" 5 More often, as suggested by Kottenhoff (1961) , conflict appeared to be preconscious as indicated by subjects' confusion over the orientation of the frame: "Something seems different. Was it changed?" As suggested by these reports, the maximal effect of conflict may be an inability to differentiate between internal and external frames of reference. Minimally, the subject's judgment may be biased toward the objective orientation of the visual world with little or no awareness of the bias. These data tend to confirm the findings of Rock and his associates that the resolution of a cross-modality conflict tends toward reliance upon visual information.
The quantitative data suggest that inversion-induced conflict may have two sources: discrepancy between perceived and remembered spatial directions and a perceived instability in the visual world. Neither source alone appears to be a sufficient cause of observed changes. Apparently, the discrepancy between preinversion and inversion frames of reference is maximally effective if there is continuous input of information about in- *Cegalis (1971) provided tentative evidence that inversion-induced conflict contributes to alterations in auditory discrimination and visual acuity.
6 This subject set the rod near the objective horizontal. The unprompted remarks of this subject and other similar remarks suggest that for certain subjects there may be a confusion about what constitutes vertical. stability in the visual world. The rod-andframe test, even in a "normal viewing" situation, provides potentially discrepant information about spatial direction: (a) differential orientation of rod and frame; (b) orientation of self in relation to rod and frame; (c) orientation of rod and frame in relation to some remembered standard of "true vertical." Hence, "normal" rod-andframe test judgments are compromise judgments. Inversion introduces a new set of variables which alter the process of forming a compromise judgment. Inversion-induced conflict, in effect, prevents the subjects from decentering the bewildering reorientation and movement of the visual field and appears to satisfy Wolf's (1965) requirements for effecting a change of field dependence: the experience would have to be one that involves evident and immediate internal disruption to be of such a character that the intervening cognitive mechanisms for resolving the disruption is minimal [p. 211] .
Curiously, during the initial walking period, certain subjects stated that they were able to suppress or to ignore what they were seeing. Even these subjects eventually succumbed to the conflict, however, as indicated by observed deterioration in motor coordination while walking. Because subjects^ varied both in susceptibility to and recovery from inversion-induced conflict, the present study provides only one index to potential individual effects. The lack of overall evidence of adaptation to conflict warrants an examination of field dependence changes over a longer time course. Perhaps, as suggested by Cohen and Tepas (1958) , adaptation requires hours instead of minutes. The present study at least points to the potential utility of studying adaptive aspects of personality within the perceptual adaptation paradigm.
The present study confirms previous findings which indicated that field dependenceindependence is indeed amenable to experimental variation. Taken together, these studies provide a challenge to the view that the field dependence-independence dimension is relatively independent of changes of cognitive state. On the contrary, induced changes of field dependence may reflect differential availability and use of visual and nonvisual information vis-a-vis activities contributing to conflict resolution. The field dependenceindependence dimension is frequently considered an index of differentiation of experience, for example, Sonstroem and Bibace, 1968 . Increased field dependence may represent, then, a "dedifferentiation" of experience. The present approach attempts to demonstrate dedifferentiation as a function of conflict, specifically conflict between perceived and remembered frames of reference. "Dedifferentiation" may in turn involve changes in centering and decentering activities, in terms of the extent to which perceptual content can be subordinated to operational activities.
Decreased field dependence has been demonstrated in experimental situations which enhanced the availability and use of nonvisual information (Jacobson, 1966; Klepper, 1969; Wolf, 1965) . On the other hand, increased field dependence has been demonstrated in experimental situations in which prepotent visual information was rendered even more important by increasing conflict in the rod-and-frame test (Gross, 1959) . The former procedures appear to enhance the likelihood that visual information can be decentered by taking recently experienced nonvisual information into account. The latter procedures may prevent decentering of visual information by introducing other conflict dimensions to the rod-and-frame test. Cohen and Tepas (1958) , however, appear to have introduced a further complication. If prolonged exposure to the rod-and-frame test results in increased dependence, the fate of nonvisual information is questionable. As suggested by Rock and Harris (1967) , nonvisual information may be labile in visual conflict situations and may be transformed in order to coincide with visual information. Hence, formerly veridical nonvisual information may become less veridical as a function of adaptation. Examination of compensatory cognitive activities during extended adaptation to conflict, as well as the fate of information contributing to conflict resolution, may lead to a general understanding of adaptive aspects of personality.
